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DECLARATION OF J. CTTRISTOPHER GRIMALDL UNDER 37 CFR § 1i :<2 

Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Dear Sir: 

I, J. Christopher Grimaldi, declare and state as follows: 



1. I am a Senior Research Associate in the Molecular Biology Department of 
Genentech, Inc., South San Francisco, CA 94080. 

2. My scientific Curriculimi Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

3. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Cloning 
Laboratory in the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction 
(PCR) analyses. I am currently involved, among other projects, in the isolation of genes coding 
for membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personally performed or 
directed the semi-quantitative PCR gene expression analyses in the assay entitled "Tumor Versus 
Normal Differential Tissue Expression Distribution," which is described in EXAMPLE 18 in, the 
specification. These studies were used to identify differences in gene expression between tumor 
tissue and their normal counterparts. 

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the 
investigating of several newly discovered DNA sequences. This process included developing 
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primers and analyzing expression of the DNA sequences of interest in norma! and tumor tisisues. 
The analyses were designed to determine whether a difference exists between gene expression in 
normal tissues ais compared to tumor in the same tissue type. 

5. The DNA libraries used in the gene expression studies were made from pooled 
samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate 
than data obtained from a sample from a single individual. That is, the detection of variations in 
-gene expressiemris likely to represent a more generally relevant condition when pooled samples 
from normal tissues are compared with pooled samples from tumors in the same tissue type. 

6. In differential gene expression studies, one looks for genes whose expression levels 
differ significantly under different conditions, for example, in normal versus diseased tissue. 
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of 
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, - 
, and "f/- to indicate the amount of the specific signal detected. Using the widely accepted 
technique of PGR, it was determined whether the polynucleotides tested were more highly 
expressed, less expressed, or whether expression remained the same in tunior tissue as compared 
to its normal counterpart. Because this technique relies on the visual detection of ethidium 
bromidestaining of PGR products on agarose gels, it is reasonable to assume that any detectable 
differences seen between two samples will represent at least a two fold difference in cDNA. 

7. The results of the gene expression studies indicate that the genes of interest can be 
used to differentiate tumor from normal. The precise leyels of gene expression are irrelevant; 
what matters is that there is a relative difference in expression between normal tissue and tumor 
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate 
whether a difference exists between normal tissue and tumor tissue of the same type. If a 
difference is detected, this indicates that the gene and its corresponding polypeptide and 
antibodies against the polypeptide are useful for diagnostic purposes, to screen samples to 
differentiate between normal and tumor. Additional studies can then be conducted if fiirther 
information is desired. 

8. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further that these 
statements were made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code and that such willful statements may jeopardize the validity of the application or any 
patent issued thereon. 
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Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

DearSir: 



I, J. Christopher Grimaldi, declare aiid say as follows: 

1. I am a Senior Research Associate in the Molecular Biology Draartment of 
Genentech, Inc., Soutili San Francisco, CA 94080. 

2. I joined Genentech in January of 1999. From 1999 to 2003, 1 directed the Qoning 
Laboratory m the Molecular Biology Department. During this time I directed or performed 
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR) 
analyses. I am currently involved in, among other projects, the isolation of genes coding for 
membrane associated proteins which can be used as targets for antibody therapeutics against 
cancer. In connection with the above-identified patent application, I personaUy performed or 
directed the semi-quantitative PCR analyses in the assay entitled "Tumor Versus Normal 
Differential Tissue Expression Distribution" which is described in EXAMPLE 18 in the 
^ecification that were used to identify differences in gene expression between tumor tissue and 
their normal counterparts. 

^ 3 . My scientific Curriculum Vitae, including my list of publications, is attached to 
and forms part of this Declaration (Exhibit A). 

, ^ <iifferential gene expression studies, one looks for genes whose expression levels 
differ significantty under different conditions, for example, in normal versus diseased tissue. 
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Chromosomal aberrations, such as gene amplification, and chromosomal translocations are 
important markers of specific types of cancer and lead to the aberrant expression of specific 
genes and their encoded polypeptides, including over-expression and under-expression. For 
example, gene amplification is a process in which specific regions of a chromosome are 
duplicated, thus creating multiple copies of certain genes that normaUy exist as a single copy. 
Gene under-expression can dccur when a gene is not transcribed into mRNA. In addition, 
chromosomal translocations occur when two different chromosomes break and are rejoined to 
each oflier chromosome resulting in a clumeric chromosome which displays a different expression 
pattern relative to the parent chromosomes, Amplification of certain genes such as Her2/Neu 
[Singleton et dl., Pathol. Annu., 27Ptl: 165-190], or chromosomal translocations sttch as t(5;14), 
[Grimaldiefg/., Blood, 73(8):2081-2085(1989); Meeker.ef a/.. Blood. 76(2):285-289(1990)] give 
cancer cells a growth or survival advantage relative to normal cells, and might also provide a 
mechanism of tumor cell resistance to chemotherapy or radiotherapy. When the chromosomal 
abeiration results in die aberrant expression of a mRNA and flie corresponding gene product (tiie 
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for 
cancer therapy, for example, by the iflierapeutic antibody approach. 

.5. Comparison of gene expression levels in normal versus diseased tissue has 
inaportant implications both diagnostically andflierapeutieally. For exan^le, tiiose who work in 
this field are weU aware that in the vast majority of cases, when a gene is over-expressed, as 
evidenced by an increased production of mRNA, the gene product or polypeptide will also be 
over-expressed. It is unlikely that one identifies increased mRNA expression witiiout associated 
increped protein expression. This same principle applies to gene imder-expression. When a 
gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another 
way, two cell samples which have differing mRNA concenfrations for a specific gene are 
expected to have correspondingly different concentiratioii of protein for that gene. Techniques 
used to detect mRNA, such as Northern Blotting, Differential Display, in hybridization, 
quantitative PGR, Taqman, and more recently Microarray technology all rely on the dogma that a 
chapge in mRNA will represent a sinular change in protein. If this dogma did not hold true then 
these techniques would have little value and not be so widely used. The use of mRNA 
qumititatibn techniques have identified a seemingly endless number of genes which are 
differentially expressed in variotxs tissues and these genes have subsequentiy been shown to have 
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA 
expression is expected to result in increased polypeptide expression, and tiie detection of 
decreased mRNA expression is expected to result in decreased polypeptide expression. The 
detection of increased or decreased polypeptide expression can be used for cancer diagnosis and 
treatment. 

6. However, even in the rare case where the protein expression does not correlate 
witii die mRNA expression, this still provides significant information usefiil for cancer diagnosis 
and ti-eatihent For example, if over- or under-expression of a gene product does not correlate 
with over- or under-expression of mRNA in certain tirnior types but does so in others, then 
identification of both gene expression and protein expression enables more accurate tumor 
classification and hence better determination of suitable therapy. In addition, absence of over- or 
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under-ei^ressioii of the gene product in the presence of a partipular over- or under-expression of 
mRNA is crucial information for the practicing clinician. For example, if a g^ is over-expressed 
but the corresponding gene product is not significantly over-expressed, the clinician accordingly 
will <lecide not to treat a patient with agents that target that gene product. 

7. I hereby declare that all statements made herein of my own knowledge are true and 
that all statements made on information or belief are believed to be true, and further tiiat these 
statements were made witii flie knowledge that willful felse statements and the like so made are 
piunishable by fine or imprisonment, or both, under Section 1001 of Tide 18 of the United States 
Code and tiiat such willful statenients may jeopardize the validity of the application or any 
patent issued thereon. 



By: 




Ddte: 



. Chnstopher Grimatdi 
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_ J*«5^!W) Chromosomal Tr»nsl<)c»Uoii to a Case of AcBteLTBiDliocYtic 
Le..kemia J.tos the toteri.«kto-3 Gen. to A. I»»a..gIo»XHe«, ChaV. Geoe 

By J. Christopher Grimaldi and Timothy C. Meeker 



Chromosomal translocations have proven to be important 
marlcers of the genetio abnormalities central to the patho- 
genesis of cancer. By cloning chromosomal breakpoints 
one can Identify activated iM-oto-oncogenes. We have stucl- 
led a case of B-nneage acute lymphocytie leukemia (AU.) 
that was associated with peripheral bhwd eodnophma. The 
o>»rom|M ^ transtocation t |Brt4| f«|31»|32) from this 
a»^.iiplo was clwuhl and AlUiflvdatthe molecalar level-. Thte 

TT-ARYOTYPIC STUDIES of loitemia and lymphoma 
.A. have identified frequent nooranton diromosomal 
trandocatioiis. Some of these translocations juxtapose the 
immnnoglobulin heavy chain (IgH) geae wUh important 
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Fifl 1. DNA blots of the leukemia sample. The restriction 
frBQmeiit pattern of normal human DNA iU) and the leukemia 
sample {I] were compared using a human Jh probe. Rearranged 
bands are Indicatad by arrows. Sample L exhibits a single rear^ 
rangwl band whh both MindWEotifM and 5au3A restriction 
digests. The rearranged bands are less Intense than the other 
bands beeauss the majority of cells In the sample represent normal 



tranii^ocatioii Joined the immunoglobulin heavy chain Join- 
1?.® iv ^^^^^ ^ promotor region of the interloukln-3 
iar3J geno In opposite transcriptional orientations. Tlw 
data suggest that aetivatlon of the iL-a gone by the 
enhancer of the fmmunoglobunn lieavy chain gene may play 
a central role In the pathogenesis of this leukemia and the 
associated eosInophiUaw 
-e iSBB^br^rane^tStrattonrbw^' 

protooncc^wics, sudi as o-myeand ftcM,*^ In this way, the 
IgH gene can activate protooncogcncs^ resulting in disor- 
dwd gene cxpresaon and a 8tq> in the deyetopmmtt of 
canccr;Thelnvc$dgationof adiHtional nonrand^ transloca- 
tions into the IgH locus aOowe us to identify new genes 
promoting the jgen^don of leoltemia and lymphoma* 

A distinct Subtype of kcute lympho^c l^ikemia (ALL) 
has been characterized by B-ltocage phenotype, associated 
eosmophiHa m the peripheral Mood, and a t(5;14)(q3 1-^32) 
chromosomal translocation.'^ This syndrome profebly 
occurs in <\% of aU patients with ALL. We hypothesized 
that the doning of the tranidocation characteristic of this 
leukemia might allow the id«itification of an important gene 
On chromosome 5 that plays a role in the evolution of this 
disease. In Uiis report we demonstrate that the intcrleukin-3 
geiie (IL-3) and the IgH gene are joined by this Uansloca- 
tion. 

MATERIALS AND IVIETHODS 
Sample and DNA blots. A Ijonc marrow aspirate from a repre- 
sentative paUent with ALL (LI morphology by French-Amcrican- 
British [FABl criteria), peripheral eosinophUia (ap to 20,000 per 
micioUter with a normal value of <350 pw microliter) and a 
t(5:14)(q3l;q32) translocatiOB was studied. Uring published meth. 
ods, geaomic DNA was isolated and DNA blots were made.* Briefly 
10 pg of higli molecular wei^t (mol wt) DNA were digested using 
jtnappiropriate restriction en^me and elcctipphorcscd on a 0.8% 
^pfose'^ The gel was stained wth ethidmm bromide^ photon 

graphed^ denatured, neutralized, andftransfcrred to Hybond (Amcr- 
sham. Ariington Heights, IL). After treatment of the filter with 
ultraviolet light, hybridization was performed. The filter was washed 
to a final stringency of 0.2% saturated sodium citrate (SSC) and 
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human 
Jh probe has been previously reported.^ 
Genomic library. The genomic library was made using pub- 
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BWAjw i«rtuUly digested with the Sau3A restiietkm aamtt. 
FNpnent, from 9 to 23 Ukjfcases (kb) In size l«laSu?t 

Mfi^U^H!'^ Fragmenlt for scqtiemdng were doaed into 
!f?""*l^ ''^'^ tenninatlon method ming 
SrdSr^"Si,^S^ ^ '""-^ 

RESULTS 

We studied « bone taanow sample from a patient with 
ALL and assodated peripheral eodnophilia. Karyotypie 
aiwlysis showed the characteristic t(5;14)(q31:q32) traJo- 
wtwn. These features define a distinctive subtype of ALL *♦ 
TTie leukemic celb were analyzed for ceD snrfcoe phenotyi* 

deoxynuc eotidyl transferase (Tdt). but negative for surface 
inmmnoglobulin. This phenotypic profile describes an hnma- 
tore cell from the B-lym|diocytic lineage.' 

The leukemia DNA was analyzed by Southern blotting for 
reamnge^ of the IgH gene. Using a human immune 

^M. Hlnmi. Sstl Sm3K and BcoM phu fflwflll 
retortion digests, suggesting rearrangement of one aflele 
Wg I ). The unmunoglobulin Jh region from the other aUele 
ws presumably either deleted or in the gcrmUne configura- 

We hypothesized that the t(5;14)(q31;q32) juxtaposed a 
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Wwth-promoting gene on chromosome 5 with the fanmuiio. 
globulm Jh region on chromosome 14. TherefoiA a^Z^ 
library was made from the leukemic sampled 
wiU, a Jh prob<^ Fifteen distinct positive clones were^tS 

fragment that was detected by DNA blotting. By 
amdysis, five clones appeared to represent IhereaSnS 
allele identified by DNA Mots. One of these clones (^1^^ 
4) was chosen for ftrther study and a detil .SSSki 
fra^ents from clone no. 4 that hybridized to tSThumanjI 

^mUw saapie, conflrmint that ekme^^T 4 

'^weseoted the rearranged leukemic aJBde. • 

Plttge done no. 4 contained 3.7 kb of unknown ©rtrin 
jemed to the l^gH gene In the region of Jh4 (^JS^,^ 
«,^«j;*^<^»"8lonappearedto^ 
eonfioiraiion. Previously, the gene encoding hemaSdiS*** 
frowfl, factor n.3hadbeen mapped tolZ.0^^ 

gene. When the restriction map of human B^3 and d«» 
We oonfinned the juxtaposition of the IL-S gene and tha 

ment showed no disruption of the protdncodmg region or tibe 
^erRh^AoftheIL,3gene.Tl.ebreaki„*tSK3^^^ 
occurred m the promotor region, 452 base paiis 
upstream of the transcripUonal start site (pStiS^ w/Sg 
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3A)* The break m the IgH gene occurred 2 bp upstream of GM-CSF maps within 9 kb of IL-3 in the same transcrip- 

thc JM regjon* Betwera the two breaks 25 bp of uncertain tional orientation*^^ Udng thb informatioa and assuming a 

origin (putative N sequence) wore inserted**^^ No sequ^ces simple translocation event in our sanq»k^ we can conclude 

homoiDgoas to the immunogkbulin heptamer add nonamer that the IL-3 gene Is normally more ceatxommc» and the 

could be identified in the ILr3 sequence (Rg 3B), Therefore^ OM-CSF gene, more telomeric on chromosome 5q (Rg 4), 

nucleic add sequoidng confirmed the juxtaposition of the Furthermore^ both are transcribed with their 5' ends toward 

11^3 gene and the IgH gene* The sequence data dearly the centromere, 
showed that the genes were positioned in q[>posite transorip- 

tionalorientaticms (head-to-head). DISCUSSION 

AxailaUfi.dc^^SdM<ywedjus to deti^ndne Uie normal Jbi this report we have cbned a unique chromosomal 

positions of the 11^3 gene and the GM-CSP gene in rdatfon . transbcadon'tEot ap 

to theoentromereof chromosome 5 (Hg 4). The IgH g^e is yet distinct^ clinical form of acute leukoma. Thi» trandk)ca- 

known to be positioned with the variable regions toward the tion joined the promoter of the IL-3 gene to the IgB gene. 

tdiiHnere on chromosome 14q.^ It has also been shown that Bxcept for the dtered promoter, the. 11^3 appeared 

A5'€GTGACCIU;GGS*1XXCSG0CG^ 

5 * yACCftGACAAACTCTCMCTGTTGCA<mS« 

5*6TA6TCCAG<nmT6GCA6ATCAG^1XX:CACT6GGCA^ 
3*CATCIU5GTCCiU:TACCG]Kn!ftC^ 

5»GGG<n!CCTCTCACCTGCTGCCATGCTTCCCATCTC^ 

3 • CCCCACGAGAGTGGACGACGGTACGAAGGGTAGAGAGTAGGAGGAACTGT^IXrrAC^ 

, • . • ********* ^ 

5 • TTTCrwrnriXrACTGATCTTGAGTACTAGAAAGTCATGa . ^ _ 

3 • AAAGAACAAAGTGACTAGAACTCATGATCTrmiAGTACCTACTTATTAAT^ ^ " " 

5»CAGATAAAGATCCTTCCGACGCCTGCCCCACACCACCACCTCCCCCCGCCT^ 

3 • GTCTATTTCTAGGAAGGCTGCGGACGGGGTGTGGTGGTGGAGGGGGGCGGAACGGQCCCCAACACCCGTGGAACG^^ * ® ° 

5 •CMAfflS&AGGCGGGAGOTTGTTCCCAACTCTTC 
3'GTCTATATXCCGCCCTCCAACAACGGTTCAOAAGTCTCGGGGI^ 




5*AACGTCCTTGAAGACAAGCTG6G!DTAAC i* -.^^ 
3*TTGCAGGAACTTCTGXTCGACCCAATTG $• 

Bla Jh4 ^ ' TGGCCCCAGTAGTCAAAGTAGTCACATTGTGGGAGGCCCCATTAAGGGGTGCACAAA^ 
^ 3 • ACCGGGGTCATCAGTTTCATCAGTGTAACA CCCTCCGGGGTAATTCCCCAC GTGTTT^ 

ri * A 5 • TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCGTGACCGGCTACCA 
. » * 3 • ACCGGGGTCATCAGTCTCAOX ATCTCCATTAAGTAGTATCGACGCCTA ATC 

++++++++++++++++++++++ 

^ 5'GGCACCAAGAGArGTGCrrCTCAGAGCCTGAGGCTGAACGTGGATGTTTAGCAGC 
^ S'CCGTGGTTCTCTACACGAAGAGTCTCGGACTCCGACOTQCACCTAC^ 

Flo 3. Sequence of i(8;14)(q31;q32) breakpoint region. (A) Nucleotide sequence of the BstSU/HpeH fk^gment Indicated on Fig 2. 
Nuetoetidet 1 to 36 represent the Jh4 coding region underlined on tlie coding strand.* NudeotidM 39 to 63 are a putative N rogkm. The 
sequsnee hrem posMen 64 to 668 It that of the germltne 0.-3 gone.^ The IL-3 TATA box (486), transcription start (616)» and initiation 
methionine (567) are underlined. Two proposed regulatory sequences In the promotor are mariced by asterlslcs (positions 182 and 389). (D) 
Comparative sequence of tlie ti5;14)(q31;q32) brealcpbint region. The lgJI«4 region Is shown wfth Its coding region* heptamer, and 
nonamer underlined. Clone no. 4 Is shown with putative N region sequences underlined. The lL-3 sequence is also shown. A plus sign C -h) 
denotes the Identieal nueleetlde between sequences. No heptamer er nonamer Is identified bi the 



o 



o 



20S4 




BP. 



-«+• 



3' < g 
GM.-CSF 




14 



i 



BP" 

hhIh- 



Jh E 



►a- 



t(5;14> 



(UIIIIDo 



-«Hh 



BP 



GM-CSF 



— r~T— flKfl* 

E S|i 
ff^ —Sf— »3« 



IL-3 



IgH 



Ikb 



«*^*«»«Jrtlon^ orienmion 0„ nomurf chrom<»om» 

SJ^SI^i" ^! 'L*»'»-»«-h«»<« orlentatioB f thew gene.. 
Symbols ar* d«lin«d In 2. BP, breakpoint po«Won. 

intact as no deletions, insertions, or point mutations were 
detected by restriction mapping of the entire gene and 
sequencing of part of the gene. The IgH gene has been 
^ncated at the Jh4 region, which places tiie immunoglobu- 
lin enhancer wiUiin 2.5 kb of the IL-3 genc'» '» This leads to 
the hypothesis tiiat the enhancer is increasing transcription 
of astrectorally normal IL-3 gene. The same mechanism b 
. "/^^"tj?" of the omyc gene In some cases of 

auIlStaJT^?."'^''''^°"^f**''*'^^8*n«»'«8«»teti>atan 
2SN^JS^* pathogenesis of tirf. 

euKwrna. Over-expresskm of the a.3 gen* coupled with 



the presence of the IL-3 receptor in Uiese cellscould accoiu.* 
r« a strong stimulus for proBferatwau In this maid. 
are Jite indicating tiiat immatute B-lineage ^SocJJS 
and B-hneage leukemias may expr«s the IL-3 receptor 

A© additional feature of Uiis type of leukemia tfc- 
dramatic eoslnophlHa, consisting of mature forms. It w 

bew hypothedzed tiiat tfieeosinophib do not arise fromJbe 
mahgnant doo^ but are stimulated by die tamor^uS 
Bewiseortheknown effect of I^^ 
tiou. Mwelwn^WglrleTOfirorttiriy laiKiiloceai^S 
have a role in tiie eo^ophDia ia ti^ ^of leokania."^ 

'nif'fata suggest ti»ta»iieeombfaatfonmediaiiii»mtl^ 
aactiwm die IgH geoe during Bormaldiffeientiatloii has. 
role IndAjnuBlocation.-*" This issupported^ 
pomt lo^tion at die y end of Jh4 and die preswcTrf 

putebveN-iegionaeauciice».OndieoUierlia»d,ne«eom^ 
nation si^ sequence (heptamer and noDamer) was found 
m dus r^on^on ehromosome 5.'8nggesting diat additional 
ftctofs also played a rol6 Ftordier stiidies will dnddat© the 
liJechanismofdiisandodiertiansloeatlons. 

In Aeleukraiawestu«U«l.itispossiT»lethattiie to 
gobuhn enha^ also activates the OU<SP geoe. sla^ 
thogene ispiobaMy positioned only 14 kbaway (Elg 4> 
isknowntoUidddndierange of enhancer activa^ 
interleukin^S <IL.5) gene maps to chromosoiiie losVS 
D«egulation of the IL-S gene by dus translocation w«dd art 
synerpsbcally wiUi IL-S in die stimuhtion of eosinopM 

^«W^tionand*irerentiation.«Theseandod,erqS^ 
wffl be answered by die study of more patient samples. 
plan to det«inine whether the t(5;14)(q31;q32) t^loca- 
tion IS caiable of activating multiple lymphokines slmulta- 
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Activatioii of *fc%I»terle«ldn.3 Ge»e by Oiromosame Traaslocation in Acute 
Lymphocytic Lenkemia With EosinophUia 

By Timothy C. Meeker. Dan Hardy. Cheryl Wlllmen; Thomas Hogan. and John Abrams 



The tJB;14)(q31.-q32) thinslocatiori fnm B^mm* a«it» 
tymphotytie leukemia wMi eostnopMlte has been cloned 
frwrn Jmilceniia eample*. In both case*, this transloea* 

Hon Joined the IgH gene aiid the lnterleukin-3 (B^) gene. In 
-ffW* »llBtWt WWW n-^ mBWA wa« ^ „ 

nmmm cells, bt tiM second iMtlent, serum B.-3 levels 

wera meesured and shown to eorrelata wHh diseasa 

Ai NUMBER OF ch«Hiios«ine tiamlocatioM have W 
rm. anociated with liumaii leukemia and ^phnna. Li 

maiqr case* the study of these translocatbHis has led to the 
jMoveiy or dtaractaizatka of ptoto^afxnieaea, saek as 
;. bel'2, p^i, jBd e-n^ that jjiextocnted adjacent ta the 
tranwocatioB.'* It h mtw widdy vndentood that cancer- 



A distinct subtype of acute leukonia is diaracterized by 
the triad <rf B-lineage inunuiMphaKitype, eodnophOia. and 
the t(5;14)(q3j;q32> translocation.*^ Lenkonie cells fiom 
.sndi patiaits have been podthre for terminal deoxyhucleoti^ 
traasfeiase (Tdt), commra acute lymphoblastie leukraiia 
antigen (CALLA), and CDIJ, but negathre for swfooe or 
cytoplasmic hnmuno^obulin. In previous work, we doned 
the t(5:14) brealqx>int firom me leukranic sample (Case 1) 
and determined that the IgH and int«lenkin-3 (IL-S) genes 
w»e joined by this abnormali^.' In this report, we extend 
thwe findings by showing that the t(5;14)(q31;q32) translo- 
cation from a second leukemia sample (Case 2) has a sunilar 
structure, snd we report our study of growth foctor enires- 
^on in these patimts. 

MATEmALS AND METHODS 
Samples and Southern blots. Case 1 has been described.*' 
Clinical features of Case ^have been described hi deiaiL* DMA 
isolalion and Southern Wotting was done Bstag prerfoosly dweribed 
methods.* raters were hybridized with an fanmnaoglobulhiJh probe, 
a 280 hp Bamm/Be6Rl geaonde lL-3 firagment, and an H^3 
fflDNA probe." 

Sorthemblols. RNAIadstkm and Northern blotting have been 
deicribed. Bri^, Northern blots were done by sq>arathig 9^ 
tol^RNAon I*agaro8e-fomialddiyde gels. Equal RNA loading hi 
Mch lane was oonfirmed by ethidium bromide stalnhig. Bktts were 
hybndized with ui IL-3 cDNA probe extendhig to the Afto I site h> 
exon 5, a 720 bp Sst I/Kpn I probe derived from faitron 2 of the DL-S 
gene, a 600 bp Nhe l/Hpa 1 11^5 cDNA probe, and a 500 bp Pst 
l/Nm I granulocyte-macrojAage eokny stfannlathig factor (OM- 
CSF) cDNA probe.**^" 

Pofynm-a$t chain reaction. Prfmm were designed with AmHI 
ates for ctedng. One prhner hybridized to the Jh sequences from the 
IgH gene (Primw 144:5'-TAOOATCCaACaOTOACCAaoaT) 
and the other hybridized to the regim of the TATA bm hi d» nU3 
gM^rimer 16l:5'.AACAaQATCCCOCdTATA'n3TOCAO). 
«»yn»r8se chafai reaction (PGR) (95«C for 1 ndnute, 61«C for 30 
jecOTds, and 72K5 for 3 mfarates) was done ushig 500 ng genomic 
DNA and 50 pnud of each primer to 100 mL oontauitog 67 mmd/L 
Tris-HCl pH 8.8, 6.7 mmol/L MgCl^ 10% dfanethyl sulfoidde 
(DMSO), 170 Mg/mL bovine serum albumin (BSA) (fractim V), 
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acthdty. There was no evidence of excess oranuloeyts/ 
macrophage colony stimutatbig fector (GM-C8F) or B;^ 
ei^esslon. Our data support the formidathm that this 
subtype of leukemis may arise hi part becfMtta of • 
'»roroosomauranslocatlo»4hal-ac«fc«tas-4i*.|lr» oMab- 
resuWng to autoortoa and paraerlitegrawih effects. 
• 1990 by Th9 American SoohtyofHamatohgfi 

16.6 mmol/L anmwnhnn sulfate, I J nuaol/L eadk dNW and Taa 
polya»erase(PertdB.BhBer,Nfl«walk,CI).» 

veetws. Aspartoft«8stndy,wese«Beaoeda«iibdoneofsB«»niaI 

,lS!^'''''^^^*^V»iattmtSnuim»tBo^ 
-t«0(wWirespeelTdthsp«eposedri^^ 

toanMteIritostpoBitlon-64iTheplasnddi»ntKthlsreglon 
wassglllfton^Nsoho Andpf theDNAX ReeesKAhwtote.^^ 
Biq^vtstmtnCoirf^ AgenomieIL.3fragmentfiomCasel 
was dmed toto die pJM expression vector." Briefly, the fltodm 
Sat l fragment contafadng die IL-? gene was suhdoned from ^ 
VtvnaaOs .described plutge done 4 toto pUClS.* The 2.6 Kb 
fragment exteadhig from die Sms I site 61 to nastream cfths IL.a 
trawcriptkn start to die»«aIrftefattepolylhd«r was dcoedfalS 

the pXM vector without tosert. nasmids wero faitiodnoed bio Coe7 
cells by dectraporation. and supernatant was odiected after 48 
honrstacdtnre^ ^ 

Ti.*'^?^, TP-l cefls were passaged in RPMI 1640 supple- 
mented with 10% heat-inactWated fetal bovme serum. 2 mmd 
L.tfntamtoe.and 1 ag/mLhnmanOM-CSF.» Samples and antibod- 
les were dfluted fai this same medium laddng OM-CSF but contam- 
mg pcmdlMn and strq>tomydn. A 25 MLvohime of serial dflutionsof 
I»tient swum was added to wriJs hi a flat bottom 96.weU mlcrofiter 
plate. Rat anti-qrtddne monodond antibotfy to a vdnme of 25 i»L 
WMad(W to apiropriate welb tod prefacubated ftir 1 hour at 37»C. 
Rftymlcrohtwsdtwice washed TF-lcellsweie added toeachwdL 
.givbg.aflndcenfion«lib«^^ k I0« cdb per wdl £fi^ 
vdumi^ 100 ML). The plate was toeubated for 48 hour^: TOie 
r*anamfag cdl viabllify was detenntoed metabdicaOy by the cdori. 
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(*MeCTto Da*M. Mente Pari^ CA) set at 570 aa* 650 
Q*»Hw bmmaaaitt^ Thew assays ue4 tat imMMclonal 

JBS1.39D1^ and «VDZ.23B«, fi« tk* IL-S. and 6M<SF 
S r?r*^' *« "«»»ka added (aadiluted imhI 
S^Ai^t^L""*^ Ibr aad aadaiited and dilated 
raw OM-CSF),Tl»4«tectliig nmnnnoreageati used mm either 
n»W»M^^ or nhioiodppheiiyl (NlPHerivatized rat 

SnS^^fSS**" ^»-5A2 and BVD2-21C11, specifie for. 
Z^^^' "^J*"**^- B<»««t antibody.wM subseqiusafly 

MoAb) ami-NIP for IL-S ami OM-CSF. The exogenic sub- 
strate was 3-3 azino-bis-bcDztMazoHne solfonate (AKS; Sigma, St 
*^ MO). Unknown vahies mr» interpobted fiom staniard 
mnt» prepared from dibtioiis of the recomUnant Utitan using 
JJJ--^^a-«ihble with the VMAX mlcropUte reader 

RESULTS 

L«ikemic DNA from Case 2 was studied 1^ Soathem 
S?L^ restriction enzyme 

aaa Hybridized with a human immunoglobulin heavy chain 
joining rq^on (Jh) probe, a rearranged fragment at approxi- 

SS?li'*''^'^'****^<'^*«^»'«»wn)-Wh^ 

with either cf two different IL-3 pr«be>.ii rearranged 14 kb 



The DNA sequence of the translocatioii clone fV««* r> ^ 

we 11^3 gene fa a head-to^head configuration mTi? 
Sequence analysis indicated that the bi^SZ IS?* ^' 
some 14 was just upstream of the jS^*^^*?^ 
breakpofat on chromosome 5 occurred 934to , 
theputathesiteof tnuBcriptiSSTtioo of^ffT^ 
We also determined that a S^KS^f » l**"*" 
in^rted l^eetf Wcil^osome S^^i^'S 
seq-e-ce, durfag the translocation event" "^??Saii 
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tte locauons of the two cloned biealqpomts in rdation to the 
11^3 gme. The two chromosome 5 breaksobts were seD»> 
rated by less than 500 bp. 

Thegenondestnictnre in Cases 1 and 2 suggested that a 
TOtmal IL-3 gene prodoct was oreMxpressed as a result of 
the altered promoter structure. This would predict that the 
IL-3 gme on the translocated chromos(Hne was capable of 
jnaldng 11^3 protein. This prediction was tested by express- 
ing a genomic fragment from the translocated allele of Case 
1 cont^ning aU IWe IL-3 exons under the control of the S V40 
l>roniotor/«aihanc« in the Cos? cell line. Cell supematants 
were studied in a proliferation assay usmg the factor depa». 
dent wythroleukemic cell line, TF-1. The supematants 
derived from transfections using tiie vector insert 
supported TF-I proliferation, while supematants from trans- 
fe<:tion8 u^ the vector alone were negative in this assay 
(data not show). Rirtharmore, the Biologic actiw^ conM be 
blocked by an antibody to human 11^3 (BVD3-608). This 
result showed that the translocated allde retained the aUUty 
to make IL-3 mRNA and protein. 

The level of expression of IL-3 mRNA in leukemic cells 
from Case 1 was assessed. Northern blotting showed that the 
mature IL-3 mRNA (api»oximately I kb) and a 2.9 kb 
unspUced 11^3 mRNA were excessively produced by the 
leukemia (Fig 3). The 2.9 kb form of the mRNA is also 
present at low levels in normal peripheral blood T lympho- 
cytes after mitogen activation (Fig 3). Several B-lineage 
acute leukemia samples without the t(5;l4) translocation 
had undetectHble levels of IL-3 mRNA in tiiese experiments. 
In addition, although genes for OM-CSF and IL-S map ckise 
to the IL-3 gene and might have been deregulated by the 
translocation, no IL-5 or OM-CSF mRNA could be detected 
m the leukraiic samide (data not shown).'^ 

Three seram samples from Case 2 wero assayed hy 
immunoassay for levels of IL-3, OM-CSF, and IL-5 (Table 
I). Serum 11^3 could be detected and correlated witii the 
cbnical course. When tiie patient's leukemic ceU burden was 



highest, tiie 11^3 lewd was highest No serum GM-CSF or 
IL-S eould b6 detected. 

Since tiie 11^3 immunoassay measured only immnnoreae- 
twe factor, we confimed tiiat Uologicaify active IL-S was 
present by using the TF-1 bioassay. This bioassay can be 
rmdered momapedfic using appropriate neutralizing mono- 
donal antibodies specific for IL-3, IL-S, « OM-CSF We 
observed that sera from 1-16-84 and 3-14-84 contained TF-1 
stimulating activity that could be blocked with antf-11^3 
MoAb (BVD3-6G8), but not witii MoAbs to IL-S (JESl- 
39D10) or GM-CSF (BVD2-23B6> (Fig 4; OM-CSF data 
not shown). The amount of neutralizable bioactivity in tiiese 
two samples corrdated very wdl with tiie difference in IL-3 
levds obtained by hnmunbassay for tiiese sanqdes. Furtiier- 
fflwre, ti»e fafluro to block TF-1 proliferating activity witii 
f»**%'^H:?rl." «»*H??^fcCSE^a» i^nsistent witii the 
mabdity to intiasure tiiese foctors inmnmMssay and 



Table 1. Paripharal nood Coume and Qrowth Faetor Levato 
«0Mhr*rtTImealnCasa2 



Pdr4>heral blood counts (cens/fdj 
WBC 

Lymphoblasts 
Eosinophils 
Sanim growth fector lavals (pgAnU 
1-3 

GM-CSF 
IL-6 



SamploDats 


11/16/83 


1/16/84 


3/14/84 


81,800 


116,500 


12,300 


0 


33J86 


0 


46,626 


73,080 


616 


<444 


7,995 


1,051 


<15 


<15 


<15 


<60 


<60 


<50 



. ; " * >™w amBrwtt Ume points yvhh 

th^eorrespwilnj grow* ft^ 

palhnt rMielvMl ehemotfierapy betwaen 1/16/84 and 3/14/84 to lowar 
his teukemtc burden.* No serum samRlas wars avaHabla for a aknlfav 



analysis of Case 1. 
Abbreviation: VVea v4ilte blood catte. 
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detectaWy circulating in the serum of tMs patieat 
DISCUSSION 

J» tW«ieport, we have extended our analyas of acute 
Jmphocytic leukemia and eosiiiophiiia associated with the 

y5;14) tr^location. In both casea we have studied, we have 
^«|mented the joining of then.3 geaefiomchiSUme 5 
to the IgH gene from chromosome 14. The brealtpoints on 

additional breakpoints will be clustered in a smaU region 
of the IL.3 promotor. The PCR assay we have devetoped wiU 

The findbg of a diarupted 11.3 promoter associated with 
an otherwise normal IL-3 gene implied that this transloca- 
^? '** ^ wer.«tpressi<m of a noikal IL.3 gene 
f'T.'L ^^""^ iav^ documented that this is teue. 
Inadd^ndtherGM<SFSorft.5arfoverH«^^ 
Uie tei^emie ceib. Ptarthermore, in one patient.lCTum IL-3 
could be measured and correlated with disease activity. To 
our knowledge, this fa the first measurement of human IL-3 
in serum and its assodatioa with a disease process. The 
measureoaent of serum IL.3 in this and other dinical settings 
may now be indicated. «u»wHngs 
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CllnlcanmrPaifimogld significance ottlie 
o-erbB-2(^ER-2/ii^u) Oncogene 

Timothy p. singleton andJohn Q. stickler 



The c-erI>B-2 oncogene was first slown to have clinical significance in 1987 by 
Slamon et al," who reported that oeriB-S DNA ampUflcattoninbnast caicini»- 
mos correlated wltij decreased survival in patients widi metasbisls to axillary 
lyinph nodes. Subsequent studies, however, of c-erfeB-2 activation in breast 
cardnotna reached conflicting conclusions about its dinical significance. This 
oncogene also has been reported to have dinloal and paihdogte hnpbcattons in 
other neoplasms. Our review summarizes these various studies and examines 
the clinical relevance of c-erfcB-2 activation, which has not been em^iasixed in 
recent reviews, The molecular biology of the e-erbB-2 oncogene hu been 
extensively reviewedP^s^ and win be discussed only briefly hme. 

BACKGROUND 

Ths <yerbB-Z oncogene was discovered in Ae 1080s by three lines of faivestisa- 
tion. The neu oncogene was detected as a mutated transforming gene in 
neuroblastomas induced by ethylnltrosurea treatment of fetal iats.«.w.H78 The c- 
erbB-2 was a human gene discovered by its homology to the retroviral gene v- 
flrbB.»M9.» HER'2 was isokited by screening a human genomic DNA library for 
homology with v-srbB.« When the DNA sequences were determined subse- 
qnently, o-erfcB-2, HJSil.2. and neu were found to represent the same gene. 
Recently, the c-erl>B-2 oncogene ahfo has been referred to as NGL, 

Tlie c-erfcB-2 DNA is located on human chromosome 17q21»«J»« aia 
for mBNA (4.6 kb). which translates c-erbB-2 protein (pl85). HUs 
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protein is a normal component of cytoplasmic membranes* Hie c-er2»B-2 
oncogene is homologous with, but not Identical to, c-erfcB-l, which is located 
on clm)mosome 7 and codes for the epidonnal growth &ctor reccptorA^^Tbc c* 
er&B-2 protein is a receptor on cell membranes and has intracellular tyiostne 
kinase activity and an ei^trac^lar binding domain.'^^^"^ Electron microscopy 
with fl polvdonal antibody detects e -crbB-2 immimoreactivity on cvtoplasmie 
membranes of neoplasms, especially on microvilli and die non^vUbiu outer cell 
membrane*^ In norma) colls, immtmohistochemical reactivity tor 6^rbB-2 Is 
frequently present at the basolateral membmne or the cytoplasmic membrane s 
bnisb border. 

There is experimental evidence that &efhB*2 protein may be involved in ' 
the patho^esis of breast neoplasia. Overproduction of otherwise normal 
erbB-'Z protein can transform a ceS line into a mali^nanl phenotypcu^ Also, 
Wbn the neu blt^gene obntaiaai^^ actlvatlnl{ point mutatfon is placed ia 
transgsenlc mice witfi a strong promoter for iaamae^ expresskm, die mice 
develop multiple independent mammary adenocan^omas.^^ In other expert* 
ments, monockmal antibodies af^nst die neu protein ixibibit the growtii (in 
nude mice) of a ntfu^txansformed ceS line,^^ tod.inmiunization d mioo with 
neu protein protects diem from 5(ubsequent tumor ehaRenge with the neth 
transformed cell llne.^^ Some authors have qieculated diat tibe use of antagD* 
nists for the unknown Ui^d could bo usirful in future ehraiodierapy." I^irdier 
review of this experimental evidence is beyond the scope of this article. 

The o:er2yB*2 activation most likely occurs at an early stage of neoplastic 
development This hypodiesis is supported by die presence of c*^bB-2 actlva- 
Hon in both in situ and invasive breast carcinomas. In addition* studies of 
metastatic breast carcinomas usuaUy demonstrate uniform c-eriB-2 activaeion 
at mtiltiple sites in the same patient, altfaou{^ o^rb^l activattoh has 
rarely been detected in metastatic lesions but not in the primary tomor.^^^^^ 
Even more rarely, o-erbB-2 DNA atnpllficatiofn has been detected in a primary 
breast carcinoma but not in its lymph node metastasis.^ In patients who have 
bilateral breast neoplasms, both lesions have similar patterns dFc-erbB-2 activa- 
tion, Imt only a few such jxises have been studi . . 



MECHANISMS OF o^bB^2 ACTIVATION 

The most common mechanism of c*erbB-2 activation is genomic DNA amplifica* 
tion, which ahnbst always results in overproduction of c-er6B-2 mRNA and 
protein. The c-crbB-2 amplification may stabilize the overproduction of 

mRNA or protein through unknown mechanisms. Human breast carcinomas 
with c-erl»B-2 amplification oontahi 2 to 40 times more o-erfcB-2 DNA^« and 4 to 
128 times more c-tfrbB-2 mBNA^^ than found in normal tissue. Most human 
breast carcinomas with c-erfcB-2 amplification have 2 to 15 times more 
DNA. TVimors with greater amplification tend to have greater overproduo* 
tion.^'^A^ Hie non-mammary neoplasms that have been studied tend to have 
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similar levels of c-erfcM amplification or overproduction relative to the corre- 
sponding normal tissue. 

Hie second most common medianism actlration is overproduo 

ton of c-eriB-2 mBNA and protdn ^out ampliflcaBon of DNA,» 
Ine quantities of mRNA and protein usually are less than dxose in ampMed 

-eases-Md.m^pproaAA0^aaB^quattB«e»^^^ 

tissues, tr^atlhe <>er&B>2 protein twerwoductton ndlhmit mRNA iwa^i WiiW, 

tion or DN A ampMcajton has been described 
cell linesw^ 

Other rare medianisms of c-erl?B-2 activation have been repoa^^ 
<^ns involving the o-ar&B-agBDe have been described in a few iammary and 
^tiic caxdnoo^ aldum^ some reported cases mqr represent mttkOM 
mgrnraj length ipdyi9gia)ldms cwr is^ooomlete res^rictoi en^e dlgestfonf 
that mimic tianabcatj^ 
brane portion of neu has been desard)ed hi jrat neuroblastmnas Induced | 
ethyhUtrosurea; W5 Tbe mutated neu protein has increased tyxosina kinase ftcUv- I 
ity and aggregates at the cell membrane.**"^* Although there hAa been specular 
tion that some of the ampBBed genes mey contabi point routations,^ 

none Has been detected in primary human neopIasm8:^M\Bi 

TECHNIQUES FOR OETECTMQ i«i*B.2 ACTIVATOR 
Detection of o*efl>B*2 DNA Ampimoatlon 

AmpBflcation of C'erbB-2 DNA Is usually detected by DMA dot blot or South- 
em blot hybridization. In the dot blot method, the extracted DNA is placed 
directly on a nylon membrane and hybridized with a o^B-2 DNA prebe. In 
the Southern blot method, the extracted DNA is treated with a restricHon 
enzyme, and the fragments are separated by electrophoresis, transferred to a 
nylon membrane^ and hybridized with a DNA ^ttdbe. In boA tech- 

nlgues. c^hB-2 amplification is quantlfled by compuing Ae intensity (Aeft. 
sijred by depsitometry) of the hybridi2atipn bands from Ae sample with those 
from control tissue. 

Several technical problems may compUcate the measurement of oerb^Z 
DNA amplification. Firsts die extracted tumor DNA may be excessiv^ de- 
gmded or diluted by DNA from stromal cells*" Second, the o^bU-2 DNA 
probe must bo carefully chosen and labeled. For example, oligonucleotide o- 
0r&B-2 probes may not be sensitive enough fi>r measuring a low level of c-eriB- 
2 amplification, because diploid copy numbers can be difficult to detect (unpub- 
lished data). Tbird, the total amounts of DNA in the sample and control tissue 
must be compensated fer/olken with a probe to an unamplified gene. Many 
studies have used control probes to genes on chromosome 17. the location of 
erfcB-2, to correct fi>r possible alterations in chromosome numbei; Identical 
results, howeven are obtafaied by using centre! prebes to genes on other chro- 
mosome8.^«»«> wiA rare exception.'* Studies using control prebes to the beta- 
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Slobin gene most be inteipxetedwith caution, because one aDek of this gene Is 
adeted occasionally 111 breast citreinoinas.> 

AmpMcadon of DNA was assessed by using the polynw^ 

cbaia reactlom (PCIQ in one recent study." OBgoprimers fitf die ceriB-a gene 
and a control gene are added to the sample's DNA. and PGR is peribmed. If 
Uw s j unyto <imiuuui mwe copiei <H»ri>B-a l>NA tl iim fl» coatwl gftufc the - 
DNA to repBcated preferentially; 

DatecUon of mRNA OverprodueUon 

OvwTprodnction of mBNA nsbaOy is measured by UNA dot blot or 

Nwtbem Wot tayteidbaUmi. tec^niqiies xeqiiiire aibacOim of BNA but 
^lenrtse are MalogDus to DNA dot Wot and Sout^ 
lihSs5!«^^*****^ e=»rfcB.2 mBNA bflSPbeen described in two recent 

Oveiproductian of c-«rfcB-2 mBNA can be measured by la sibi faybri^za. 
tl^. SeeUons are mounted on glass slides, treated wiHi protean bybridiEed 
with a ra^olabeled probe, washed, treated with nuclease to remove unbound 
prolje, and ^eloped fi» autoradiograpby. Silver grains are seen onljr over 
tumor cells that overproduce o^bB-2 mBNA. Negative control probes are 
^e±«w.H» Our experience indicates that th^ 

tivB fcr detecting c-eftB-2 mBNA overproduction In routlnety processed ti»r 
sue. Although Ae sensitivity may be increased by modiflcatibns that allow 
simultaneous detection of c-«r&B-2 DNA and mBNA, in situ hybridization stdl 
is cumbersome and esqpensive (unpublished dat^. 

AU of the above o.efibB.2 mBNA detection techniques have several prob- 
lems that make them more difficult to perform Uian techniques for detecting 
DNA amplification. One major problem Is the r^ degradotidn of BNA in 
tissue that is not Immediately frozen or fixed. In addition, during dw detection 
procedure, ^A can be degraded by RNase; aubiquitons enzyme, whldi must 
be eimiinated meticuhmsly firom laboratory solutions. Third, ocmtrol probes to 
genes that are unlfbrmly expressed in the tissue of Interest need to be carefully 
selected. • ? . -'» 

Detection of c»erl>B-2 Protein Overproduction 

«<»st accurate methods for detecting c.er*B-2 protein overproduction are 
the Western bbt mediod and lmmunopreoipitoti<m. Both techniques can docu- 
ment the binding spedfldty of various antibodies against c-erfrB-2 protein. In 
western bbt studies, protein Is exfaractedfrom the tissue, separated by electro- 
phoresis (according to size), transferred toamembrane. and detected by using an- 
tibodies to c-er6B-2, In immunopreoipitaaon studies, antibodies against o-er&B- 
2 are added to a tumor lysate, and the resulting protein-antibody precipitate is 
separated by gel electrophoresis and stained for protein. Both Western bkl and 
nmnunoprec^itation are useful research tools but currently are not practical for- 
dlagnostic pathology. TWo recent abstracb have described an enzyme-linked 
immunosorbent assay (ELISA) for detection of c-er£B-2 protein. «M» 
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Overproduction of o»eri>B-2 protein is most commonly assessed by various 
Immunoblstochemical tedmlques. These procedures, often generate conflicting 
results, ^ich are esqplained at least partially by three fectors. Firsts various 
studies have used difiEertot polydonal aiid monodonal antibodies. Because 
some po lydonal antibodies recognize weak bands iii addition to the c-efiB*2 

-piuttflu baud ou \y<^tvm 4^t>Y-imnnmopredpitationr-d)e-te^ 

studies should be interpreted v^idi cautlcm.^^^ Even some mqnodonal anti- 
bodies immunopreclpftate inrotein bands In addition to e-erfcB-2 (pl88)«^» 
Second, tissue fixation contributes to variability between studies^ Bbr example, 
soni^ antibodies detect c-eriB-2 protem only in frozra tissue and do. not react 
in fixed tissue. In general, fonnalin fixation 

tmimimohiMDcheiidcal metfiods and decteases tibe number of reactive ceDs»^ 
When BouinVfix^e is used» ihe?^ mayj>e ajx^^^percc^itage (tf positive 
cases*>^ Tliird, miniinal criteria for interpreting Immu^ 
are general^ lacking. Altbou^ diere is general agreement that distinct cri^ 
cytoplasmic membrane staining is diagnostic for c*0r&B-2 activatkm in breast 
carcinoma, the nrnnber of positive cells and the staining intensity required to 
diagnose o^B-2 protein overproduction varies from sUidy to study and from 
antibody to antibo^fc Degmdatlpnofc-er&B-2 protein is not a problem because 
It can be detected in intact form more dmn 24 boms aflbN- tumor res66tion 
without fixation or freezing.^ 



ACTIVATION OF o-eri>B-2 IN BREAST LESIONS 
Incidence of c-erbB-2 Activation 

Kfost studies of c^erbB-i oncogene activation do not specify histological sub- 
types of infiltrating breast carcinoma. Amplification of o-0r&B-2 DNA was found 
in 19, 1 percent (519 of 2715) of invasive carcinomas in 25 studies (IbUe 1), and 
c^&B*2 mBNA or protein overproduction was detected in 20.9 percent (BB6 of 
2714) <rf invasive carcinomas in 20 studies. IWelve studies have documented o- 
^rbB^ mRNA or protein overproductisin fh IS percent (88 of 604) of carcinomas 
that lacked c-erBB-2 DNA amplification. 

The incidence of c-er&B^2 activation in infiltrating breast caicinoma varies 
with the histological subtype. Approximately 22 percent (142 of 650) of infiltrate 
ing ductal carcinomas have c-erfrB-2 activation, as expected from the above 
data. Other variants of breast carcinoma widi frequent i>erbB-i activation are 
inflammatory carcinoma (62 peiocnt» 54 of 87), Paget s disease (82 percent, 9 of 
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-^bB^i activa- 
tion is infrequent in infiltratfaig lobular carcinoma (I percent, 5 of 73) and 
tubular carcinoma (7 percent, 1 of IS). 

The c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of 
ductal carcinomas in situ and especially comedocardnoma in situ (68 percent, 
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have 
c-erbB-2 activation,*^"-* especially if larger cells are present. The greater fre- 
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quency of c-erbB-2 protein oveiprodncttoii in comedocardnom in situ, com- 
pared wiA infiltrating ductal cardnoma. could be explained by the fiict that 
many Infiltrating ductal carclnonua arise fiiom other types of intraductal caid- 
noina. ^ show o^6B-2 actlvatioo b&equenUy. Q&ers have speculated 
-^^^S^^^^ tends fa, regress or to lose e. 

ersiy-a atUvaUon durmg progression to i nva5ion.*W" IniUtritUng amf grgto' 

activatlan.tw. dfljough some imthois have noted more hetero^eiW of 
toartiBohistochcmlcsd staining pattern in invasive than in in sita carci- 
noma.**" Activation of c^fcM is infrequent in lobolar cardnoma in situ. If 

erAB.aprot«in oveiproducllon teh&to occur In the comedociittoomaln situ 
but i^y include oOier areas of-eardnoma fai.si«a.*H« OvetprojucHon 

J JSf?^ ^ cardnoma in sltn correlates with laige^ edl size and a 
periductal lymphoid inilltrate.* "w-na* 

i»d„^S^'Si'*^ '^^f^^ not been identified in benign breast lesions, 
mduding fihrocystie disease, fibroadenomas, and radial sears (RMe $). Strona 
membrane tamunohlstod»emlcal re«ctivily for o^iB-S has not been described 
m apical ductalhypeiplasia, although weak accentuation of momhnmestolning 
tas been mrted lnfifequently.3^*5« In normal breast tissue; o^B^ ImJaIs 
diploH and c-er6B-2is expressed at lower leveb than In activated tamon».3«^«^ffl 
^8 Pndtoinaiy data suggest auitc-«r6B-2 activation may not be usefa 
torresolvmgmany of the common problems in diagnostic surgical pathology. P'or 
example. c-erbB-2 activation is infrequent in tubular cardnoma and radial scars, 
in addition, because o:«rbB-2 activaUonis unusual in atypical ductal hyperplasia, 
cril^rm cardnoma in situ, and papillary cardiioma in situ, detection of c^hB- 
a achrvation in these lesions may not be help&il in their difierentlal diagnosis. The 

Wstolo^calfiMturesofcomedocarcinomainsltu,whldicomiW)nly overproduces 
o^rbB.2, are unlikely to be misfaJom for those of benign lesions. Activation iit 



TABLE 2. »ert<»a ACnwnOH IN BBWew HUMAN BREAST tpSIOHS 



Htetologlcal Diagnosis 

Flbrae^ disease 
Atypleal ductal hyperplasia 

Benign ductal hyperplasia 
Sclerosing adenosia 
Flbraadoiomas 

. Radial soars 
Blunt dud adenosis 
'Breast maatosis* 



»«rb»aDNA 
AmpKiieationp 



e^tftB-aoiRNA 
OvwproikKilen 



e«rtB-8Protain 



0/16.»0/6," 



0/3» 



2{weakV2i,M 
1(cylopla8mio)/l3)* 

0/21,»0/10,M 

(M29> 
«VI4» 



•Wwvm as iiumbarcl oases wim acttwalloiw^^ 
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o-erbB-2, however, does fevor inBltrating ducbd cardmima over infilbatinK 
tobular cardnoma. Furtfaer studio of di«se Issues >voiiId be usefiiL 

Cprrelatlon of AeUvation With Pathdiogle PrognOttUo Paetora 

A*Vi Mple studies have attemptedtoconefate c^&B>2 actfvation with various 
.pi^OMiloalcjprogpost^ fadora fl^ le a).' Activatton of.c-grbB.a was eorrelated - 
wjftlymph node metastasis to S of 28 series. widkhIg|ierhlst»]ogieakKndeln6 
oflT series, md wMi higher stage hi i of 14 series. Large ttiiiaor si£was uot 
sssomted widt activation in most stadies (11 of l^. Tetrapbid DNA 

content and low proHferaOon, measured by Ki^, have beea soggested as 
^rognosUe ficton and may eatoMt wiaV«iB-8 aclivatfon,«kT ' 

OomlaHon of o^5B-2ActhratloB With CilnicakPfognostle Mara 

various studies hanre attempted also to eonelate fr«r&B-2 aetlvBlfDn wtth dinkal 
features diat may predict a poor buteome CM>Je 4). Activation of (HtrhJ^2 
oonelated with absence of estrogen receptors in 10 rf28 series and widi ab- 
Mnoe of progesterone teceptois in 6 of 18 series, la most studies, patient age 
did not oonrebte widi c-eriiB>2 activatioii, and, in the rest of the reports, o- 
erbB-2 activation was asso(^ted widi eidter younger or older ages. . . 

Correlation of Aethratlon With Patient Outcome 

Slamon et alw." first showed that amplification of die c^dbM oncogene inde- 
pendently predicts decreased survival of patients wifli breast cardnoma. The 
correlation of c-firbB-2 amplification with poor outcome was nearly as strong as 
tlie correktion of number of invOhred lymph nodes wiA poor outcome. Shimon 
et al ako reported tfiat c-erfeB-2 amplification is an important prognostic indica^ 
tc» only In patients widi lymph node metastasis. 

A large number of subsequent studies also attempted to eonelate e-erhB-2 
activation wid» prognosis (Ikble 6). In 12 series, tfiere was a correlation be- 
tween o-erl>B>2 acdvaUon and tumor recnnence or decreased survival hi five 
of these s^es. Ae predictive value of <^er&B-2 activation was reported to be 
independent of oaier progaosUc fiictorsr4n contrast. 18 series did notconflrro 
the oorrelBtkm of o^B>2 activation wiA recurrence or survhral. Ibur possible 
explanations for this controversy are discussed below. 

One problem is that o-er2»B-2 amplification , correlates with prognosis 
mainly fa patients with lymph node metastasis. As summarized fai -Rble 5, most 
studies of patients with axillary lymph liode metastasis showed a correlaUon of 
c-sfhB-2 activation with poor outcome. Ln contrast, most studies of patients 
without asiOary metastasis have not demonstrated a correlation widi patient 
outcome. Tible 6 summarizes the studies in which all patients (widi and wid»- 
out Miliary metastasis) were considered as one group. There Is a trend for 
studies with a higher percentage of metestaUc cases to show an association 
between c.erhB.2 activation and poor outcome. Thus, most of die current 
evidence suggests that c-er&B-2 activation has prognostic vahie only in patients 
wfm metastasis to lymph nodes. 



U O 



178 T.I».8INQLBroMANDJ.Q.STIttCiaJEB 



NniKbwofPBitenis 




•M » imiMwflrtB siMMoalanalyih! U - unKmlalssiailBttcal analysis. 



MrWaONCOiaBNB 



177 



lymph nods 

metastoslBbi 

eachshdy 



70- 



85. 



40- 



71 (DNA)n 


61 (DNA)» 


e4(DNA)i« 














H 


42(Proleinp 
h- Jl 



64(tnRNA)» 
S1(0N^ 



68(0NA)^ 
67(DNA)«» 



48(Proleln)i« 
4a(PvoteirOM 



P<0.06 



^ "^.SS^^^. *^ P^em outcome. 



a06<P<0.16 



p>o:i5 



aol^aiion and ouloorni 



K acHvalioa A» values are interpr«ed as m Tabte a 



to J^rST^ *t °f caicfaonw are grouped 

tofflh^l^l^r ? /ft^"*"* *" ^<*«lto carcinoma. Oodles thal^m^ 
SSS^^.^"?^ ana lobukr carcinomas may dilute &e Vi^g^^Tl 
SS^l^Wvt'" '^SJ? *«»^ I» «sdditk«„ most 4dlS do 
faflMnma^ry breast cardncana separately. This conditkm'frequenthr sSt 

noma, but it is aa uncommon lesion. 

no association between tumor recurrence and c^^B.2 acl^at^oil.« 

A fourth problem is the lack of data regarding whether the nrodnorf. 
correlates better with DNA ampUficZTor 

oveiproduction. Most stndie. that find a l^h^\^^b^^'''^ 
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more piogaostte Importmce than c^B-T^ ^W^awnM b wfaldi hu 

tol ^ f «^«»»°«««. towover. i, evidence agafastTCJ. 
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AC1WATION OF <>«rbB-2 IN NOI*.|yUVMMARY TISSUES 

?S*^"*^ **' NoivMamraaiy Tiesues 

»We7 summflriMs the normal tissues in wlddi <HfriB-a expression has l>een 



Tissues with 
niRNA 



SMnM 



KIdneyo* 



UvsrM 



Fetal bralrtM 

Thyroid* 
Uterus^ 



Placenti^ 



Tissues Producing Tissues Lacking 



Tlstass La^dng 



EpktermIsM 

SxlsmBl root sheath^ ^ 
6cMna sweat gland* 
Fetal oral tmioosa^ 
Fdtal esophagus^ 
StomaohM 
Fatallntestlne"* 
Small Inis8tlne»» 

Fetal kidnaye* 

Fetal praximel tubular 
Obtaltubul^ 
Petal collecting duct» 
Fetal renal pelvis» 
Fetal ureter« 



KIdneysKx 



Pancreatic adni» 
Pancreatic ducts^ 
E^Kjocrfne ceQa ofislets 
ofUngertiansn 

FeUltracheoB 
FetaltMonchlclesPf ' 
BrohchMes^ 



Fatal ganglion cells^ 



Ovaiy« 

Blood vessels^ 



Postnatal oral mucosa" 
Postnatal esophagti8« 



Qlon)^lus^ 

Postnatal BowmanTa capsulatt 
PostnaM fimlmaliubulen 

Postnatal oollecflng dtidtn 
Postnatal renal peMs<> 
Postnatal fetal uratartt 
Uver«« 



Pancreatlolslstsw 

Postnatal trachea!" 
Postnatal bfcnohloleatt 

Postnatal atveolP^ 
Postnatal braird 
Postnatal gangBoncellsff 



.Endotl)efiuni^ 

AdrancoortloalceDstt 
Postnsrtai thymus^ 
Rbrot>l»ts« 
Smooth musdeceOs^ 
Canlao muscle oeH^ 



•This protein study used Wssism triote; Ihs test used tmmunohlatochombial methods. 
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^nsbrate convincing cell membrane reactivity in Oie published photo- 

to otlwr tl«ae. could be i leaiiJK te^^SSt"" 
bpjei. Stndtes wmg cdlline. haw beett «4oded, because 3«dtai« dm 

epitheJial maBgnandw, Another xeportn showed that 12 i>ercent of 

im^w^T^^^*^^"^ *™ ^ Identified in 2a percent (40 of 198) of 
SasWc adenocandnomas in sev^ rt^^ 



TABLBt. WliM ACTVAflOW IN HUMAN OYNEfeOLOGIC TUWOWi 



T^mor Type 



Ovaiy— carcinoma, not olhenvlsa 
BpOQffled 

Ovanr--soroua (papDkuy) car^^ 
»Ovaiy--endoin©trtold « - 
Ovaiy—mudnoua carcinoma 
ONfary—ctear cell carcinoma 
Ovary-^mhed epithelial carcinoma 
Ovary-H&ndomeWoW bonteftlne. tumor 
Ovary— mucous borderline tumor 
Ovary— serous cyetadenoma 
bvary-Hnudnous ^etacienoma 
Ovaiy— sclerosing stromal tumor 
Ovary— flbrothecoma 
Utems-^ndometffal adenocarcinoma 



O^MDNA 

Ampifflcaiion 



mRNA. Protein 
Over- Over* 
producttbn production 



31/120,« l/il.sr 

o«.»cyii« 

2r7,iM1|f7/«0/Bi2 

0«,i«o(i« 
0^ 
0/1» 
0/3» 

0/27» 
0/1« 



23/67^ 



36/72^ 



Z.^}^^ ^^'yP** '^^ 3 (4 *>f 47) of difibse or signet rine ceU 

ST^TSf^^* ^ of eight tissue, fixed in Bo^to^X 

^One stady found plater immnnoldstochemical wacUvtty for wrSS 

of Aew >»iUve- oa«» Aoivid only dil8«t 




"nimorType 



AmpWcatton pwtueilm 



til 



BKH)hflgu8--eqiiamou$ oel oartlnoina 
®*»wa*''-can*i^ pooiV dlfterenfeied 
Stomach— adenocarcinoma 

Stomach--carcinoma. fntestinal or tubular type 
. ®*W'»««h"-<»r^K)ma^^ dHhiBe or aignel ifng cell type 
Coloractum^carchioma 

Colon— vlHous adenoma 
Cokm-Hul>tilov«ous adenoma 
Colon— diHJiar feienoma 
^^otoTh-hypeiplaeilo polyp 
Ifrtwtlne— teloinyoear^ma 
Hepatocellular carcinoma -.mm^' 
Hepatoblastoma 
caiolanglocarclnwna 
Panoreae— adenocardnoma 
Pancreae— acinar carcinoma 
Pancrea»-clear cell eardnoma 
Pancreas—large cell eardnoma 
Pancreas— signet ring carcinoma 
Pancreas— chronic Inflammation 

amplification (or overproduction)^ 
jwjw as supeiscrtpt All protein stud) w used Immunohfeiochemlcal nuHhods. No ^SSS^ 

*ns8oos tt(ed In Bouln-e whrton. 

«Only oases wnh dtetlhrt membiane siaW^ 



(Vlttr 
0/22^ 

2/49 M 1/45,"< 
1/46,»^l/45,«> 
0/4O,«(W3E,w(V9K 
0/1» 



0/1 w. 



4/45» 



i2/i4?>(e^ 

4a/e3» 
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TABLBig ft-^B-a ACTIVATION IN HUMAN PULMQMABV TUUORS* 



Tumor T yp^ 

— I i Rjic i cardn oma — 
AdenpcarchOfiia 

SmaiceBcarBlnpma 
Caitbwid tumor 



Amp uWcatlon 
~tyi3,uivii^»(vtf» 



does n^indlcate activattoa fa lireasl neoplasms," Also, somewmchi. 

caemteal reactivity for o-arbB-Z protein, in oddHioD to the nm casn of 

n«oDW W summaftee the studies of actlvationia oflier 

ne^lasms. Tie o^bM oncdgBne is not activated in most of iIim. 

found cser*B*2 protein overproduction in 41 percent (7 of 17) RimftTLll^^ 

Si^i^i 'Jr^*'^ Squamous ceU carcinoma and W 

cen cardnoma of the sldn may contain c^rAB.2 protein, but It is nSt ^ 
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Amplffleatlon 



OVOIW 

proilueilon 



e-ert>B*2 
PiotelA 
Dvaiw 
production 



0/23111 



on* 



Hematoteolc malignancies 
MaKgnant lymphoma 
Acuta leukemia 
Acute tymphoUasilo leukemia 
Acute myetobtaetio leukemia 
Chronicleukemia 
Chronks lymphooytk) leukemta 
Chrcnio myetogenoua leukemia 
MyetoprrtWefatlve dteortle f 

•»WMm M numbv of oasM wiih amplHlealkm (or owim)ducflonVtotel mwnb^^ 
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Maflflnam fibrous Mrfocy iiMna ^ y^w 

■ UlPOsarcQma C^or 

PteorrwpWo sarcoma on^ 

i^habdomyosarcoma ot\w 

OateoQBniosaiQoma ' <V2,«^Qiasr 

Chondfosarooma (y^ior 

BNtniCiiaartoma q^i^ 



. 1 



Correbrtlon of o0rbB>2 AeHvatlon With Patient Outeoma 

Vejy few studies have attempted to correlate <H»-feB-2 iietivatian in n<m 

^r over«pression to ovarian cartdhomas correlates with decfeasedTr^ 

^^^t^T^'^t'^^'.^'^'T'''' H°«^-er.theydid„otn,(rS« 
»to©j histologic^ grade, or histotogical subtype of Aese neoplasmsTShcr 
ju^of stages UI and IV <wrtKi cardnonuu found a coireE beS^n 

^^kLT^^^Lr^ e-«.fcB.2protein overproduction* lE^r^tJ^^^" 
v^dtotolo^ grade, u One abst^ 

duction to 10 of 16 palmonary adenooareinoinas condated Mrtth decked 
dl»a,e^ intervalio Another aI»tBRLd«»crlbed*t^ 



fr«rbB-2 DMA 
Ampnilcailon 



TABLBia C^ft> MACTIVATTONINHUMANTUM0B80FT H£ UBIMARY TRACT* 

e«rbB»2 

mRNA 

TkimorType 

KWney— renal celt carcinoma 
Wilms* tumor 

Prosiate— adenocarcinoma 
UHnary biadder-^carDinoma 



«>«rbB*2 
mBNA 

Ove^ 
production 



Ovar» 
production 



1/6,w 1/4,wo/5M 



O^iatdf 



flhwn 88 aupewwlpt. An pwteln rtu^^ 
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TABLE U frftrfcM ACTIVATIOM iN HBCELLAMgnii<^ miimau 



SMrw head and neofc-^wiuameiit 
- celeafdnoma 

Site not alaM-'-sqiJBfnoua ceH 
carcinoma 

SaBvary fllanc^^adenocarelnoma 

f^BiotM gland— adenoid oystto 
caidnoma 

• ThyroW-^anaplafiaoiw^^ 
'''*VioW--paprtoy caitinoma 
Thyrokt— ddenooardnoma 
ThyrokH^adanoma 
Neurbbfastoma 
MantaiQiofna 



DMA 



o^MmRNA 
Ovarprodiwdoii 



Ova^ 
produetfon 



(V1< 
0^ 



dQowlovelsVSi 
lOowtisvaiayai 



•Shoiw* as number of 



memoes 



dUMMARY 

ni?I1??K*^ onoogBne can occur by ampMcallon of cerbTi.i 

COTxektes with apoor prognosis primarily in patients with metotofa to 
«rfll«uy lymph nodes. Studies that have attend tooox^Z^^^l^ 
tion with other prognostic factors to breast ca^iomaZJ^t^d XfiS^ 
eonduston, The pathologic and dinical si^T^ ir^^lriS 
other neoplasms is undear and should be assessed by addiliond rtX 
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I, Paul Polakis, Ph,D., declare and say as follows: ; 

1. 1 was awarded a Ph.D. by the Department of Biochemistry of the Michigan 

nS'^n ^ '^^Jt^ ^"^^^^ Vitae is at^hed.to and S- 

part ofthis Declaration (Exhibit A). 

^.J/ffl,^«n:endy employed% Genentec^-I^^^^^ 
Scientist^ Smce joming Generitech in 1999, one of my primaiy responsibilities has 
been leadmg Genentech's Tumor Antigen Project, which is aXge Veseareh pS 
witfi a primary fociis on identifying tumor cell markers that find use as targete for 
both the diagnosis and treatment of cancer in humans. 

H^ffl^w f ^ '^'^''^ ^""j^ my laboratory has been analyzing 

differential expression of vanom genes in tumor cells relative to n^^^ 
^V^T of this research is to identify proteins that are abundantly expressed 
on certem tumor cells and that are eitiier (i) not e^Jressed, or (ii) expressed at 
lower levels, on con-esponding normal cells. We call such dififerentially expressed 
proteins -tumor antigen proteins^ When such a tumor antigen prote^^^ 
id^tified, one canproduce an antibody that recognizies and binds to that protein 
Such an antibody finds use in the diagnosis of human cancer and may ultknatelv 
serve as an effective therapeutic in the tieatinent of human cancer 

4. In the course of the research conducted by Genentech's Tumor Antigen 
Project, we have employed a variety of scientific techniques for detecting ^d 

T^I^^ • 1^^?^^ JfJ? ^'^P^^sion in human timior cells relative to normal cells 
at genomic DNA, mRNA and protein levels. An important example of one such 
technique is the well known and widely used technique of microanmr analysis 
t^t^r^^^ be extremefy usefiit fer &e identification of mRNA molecdles 
that are differentialfy expressed in one tissue or cell type relative to another In the 
course of our research using microarray analysis, we have identified ' 
approximately 200 gene ti^cripts that are present in human tiimor cells at 
significantly higher levels than in corresponding normal human cells. To date we 
have generated antibodies that bind to about 30 of the tumor antigen/ proteins ' 
expressed from these differentially expressed gene transcripts and have iised these 

antibodies to quantitativefy determine the level of production of these tiimor 
antigen protems in botii human cancer cells and corresponding normal cells We 

Sus Sy^^"^ ^^^''^^ of mRNA and protein in both the tumor and normal 

5^ From the mRNA and protein expression analyses described in paragraph 4 
above, we have observed that there is a strong correlation between changS^S^tfie 
level of mRNA present in any particular cell type and the level of protein 



expressed from that mRNA in that cell type. In approximately 80% of our 
observations we have found that increases in the level of a particular mRNA 
correlates with changes in the level of protein expressed from that mRNA when 
human tumor cells are compared with their corresponding normal cells. 

6. Based upon my own experience accumulated in more than 20 years of 
research, including the data discussed in paragraphs 4 and 5 above aiid my . 
knowledge of the relevant scientific literature, it is my considered scientific 
ojsimen that fbrtaimangeiMs, M incfeas^level of^^ 

to a normal cell typically correlates to a similar increase in abundance of the 
encoded protein in the tumor ceU relative to the normal cell. In feet, it remains a 
central dogma in molecular biology that increased mRNA levels are predictive of 
corresponding increased levels of the encoded protein. While ther« have been 
published reports of genes for which such a correlation dioes not exist, it is my 
opihibh that such reports are exceptions to the commonly understood general rule 
that increased mRNA levels are pi-edictive of corresponding iiicreased levels of the 
encoded protein. 

7. I hereby declare that all stateinents made herein of my own knowledge are 
teue and that all statements mside on information or belieif are believed to be true, 
arid further that these statements were made with the knowledge that willful felse 
statements and the like so made are puipshable by fine or imprisbnmwit, or both 
under Section 1001 of Title 18 of the United States Code and that such willfUl 
statements may jeopardize the validity of the application or any patent issued 
thereon. 
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Figure 6-3 Genes can be expressed 
with difierent efficiencies; Gene A 1$ 
transcribed and translated much more 
efficiently than gene B.This allows the 
amount of proton A In the cell to be 
much greater than that of protein B. 
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FROM DNATO RNA 

llranscc^tion and translation are the means by which cells read out, or express, 
the genetic instructions in their genes. Because many identical RNA copies can 
be made from the same gene, and each RNA molecule can direct the synthesis 
of many identical protein molecules, cells can synthesize a large amount of 
protein rapidly when necessary But each gene can also be transcribed and 
translated with a different efficiency, allowing the cell to make vast quantities of 
some proteins and tiny quantities oiF others (Figure 6-^). Moreover, as we see in 
the next chapter, a cell can change (or regulate) the o^ression of each of its 
genes according to the needs of the moment— most obviously by controlling 
the production of its RNA 

Portions of DNA Sequence Are Transcribed into RIMA 

The first step a cell takes in reading out a needed part of its genetic instructions 
is to copy a particular portion of its DNA nudeotide sequence--a gene— into an 
RNA nucleotide sequence. The information in RNA, although copied into another 
chemical form, is still written in essentially the same language as it is in DNA — 
the language of a nucleotide sequence. Hence the name transcription. 

like DNA, RNA is a linear polymer made of four different types of nucleotide 
subunits linked together by phosphodiester bonds figure 6-4). It differs from 
DNA chemically in twtf respects: (1) the nucleotides in RNA are 
ribonucleotides— that is, they contain the sugar ribose (hence the name ribonu- 
cleic add) rather than deojQrribose; (2) although, like DNA, RNA contains the 
bases adenine (A), guanine (G), and cytosine (C), it contains the base uracil (U) 
instead of the thymine (T) in DNA Since U, like T, can base-pair by hydrogen- 
bonding with A (Figure 6-5), the complementary base-pairing properties 
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with 
C, and A pairs with U), It is not imcommon, however, to find other types of base 
pairs in RNA: for example, G pairii^ with U occasionally. 

Despite these small chemical differences, DNA and RNA differ quite dra- 
maticalfy in overall structure. VVhereas DNA always occurs In cells as a double- 
stranded helix, RNA is single-stranded, RNA chains therefore fold up into a 
variety of shapes, just as a polypeptide diain folds up to form the final sh^e of 
a protem (Figure 6-6). As we see later in this diapter, the ability to fold into com- 
plex three-dimensional shapes allows some RNA molecules to have structural 
and catalytic functions. 



Transcription Produces RNA Complementary to 
One Strand of DNA 

AD of the RNA in a cell is made by DNA transcription, a process that has cer- 
tain sirnilarities to the process of DNA replication discussed in Chapter 5. 
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Figure 6-^9 Protein aggregates that cause human disease. (A) Schematic illustration of type of 
conformational change in a protein that produces material for a cross-beta filament. (B) Diagram illustrating 
the self-infectious nature of the protein aggregation that is central to prion diseases. PrP is h^ly unusual 
because the misfolded version of the protein^ called PrP*, induces the nbrmal PrP protein it contacts* to 
change Its conformation, as shown. Most of the human diseases caused b/ protein aggregation are caused by 
the overproduction of a variant protein that is espectall/ prone to ^g^'^gation, but because this structure Is 
not Infectlcus in this way, it cannot spread from one animal to another. (Q Drawing of a cross-beta filament, 
a common type of protease-resistant protein aggregate found in a variety of human neurological diseases. 
Because the hydrogen-bond interactions in a P sheet form between polypeptide bacld>one atoms (see Figure 
3-9), a number of different abnormally folded proteins can produce this structure. P) One of several 
possible models for the conversion of PrP to PrP*', showing the likely change of two a-heilces into four 
p-sljrands. Althou^ the structure of the nonna! protein has been determined accurately, the structure of the 
infectious form is not yet i<nown with certainty because ^e s^ggregation has prevented the use of standard 
structural techniques. (C, courtesy of L^ouise Serpell, adapted from M. Sunde et al.»JL Mcl BicL 273:729-739. 
1 997; D, adapted from S.B. Pnjsiner, Trends Bfodiem. 5d. 2 i :482-487, 1 996.) 

animals and humans. It can be dangerous to eat the tissues of animals that con- 
tain PrP*, as witnessed most recently by the spread of BSE (commonly rtfened 
to as the "mad cow disease**) &om cattle to humans in Great Britain. 

Fortunately, in Hie absence of PrP*» PrP is extraordinarily difficult to convert 
to its abnormsd form. Although very £ew proteins have the potential to misfold 
into an infectious conformation, a similar transformation has been discovered 
to be the cause of an otherwise mysterious 'protein-only inheritance" observed 
in yeast ceils. 

There Are Many Steps From DNA to Protein 

We have seen so far in this chapter that many different types of chemical reac- 
tions are required to produce a propedy folded protein from the information 
contained in a gene (Figure 6-90). The final level of a properly folded protein in 
a cell therefore depends upon the efficiency with which each of the many steps 
is performed. 

We discuss hi Chapter 7 that cells have the abiUty to change the levels of 
their proteins according to their needs, hi pilndple, any or all of the steps in Fig- 
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Hgure 6-90 The productidn of a 
protein by a eucaryotic celt The final 
level of each proteiii In a eucaryotic cell 
depends upon the efficlenqr of each step 
depicted. 



lire 6-90) couid be regulated by the cell for each individual protein. However, as 
we shall see In Chapter 7, the initiation of transcription is the most common 
point for a cell to legulate die expiession of each of its genes. This makes sense, 
inasmuch as the most efficient way to keep a gene from being estpressed is to 
block the very first-step — the transcription of its DNA sequence into an BNA 
molecule. 



Summary 

The translation of the nucleotide sequence ofan mRNA molecule into protein takes 
place in the cytoplasm on a large ribonucJeoprotein assembty called a ribosome. The 
amino adds used for protein synthesis are first attached to a family of tRNA 
molecules, each of which recognizes, by complementary base-pair infractions, par- 
tkudarsets of^ree nucleotides in the mRNA (codans). The sequence of nucleotides in 
the mRNA is then read from one end to ^ other in sets of three aocordUtg to the 
genetic code. 

To initiate translation, a small rihosomal subunit binds to the mRNA molecule 
at a start codon (AUG) <fcat is recognized by a unique initiator tRNA molecule. A 
large ribosomal subunit binds to complete the ribosome and begin the elongation 
phase of protein synth^s. During this phase, ambwacyl lBNA&---each bearing a 
specific amino acid bind sequentially to the appropriate codon in mRNA by farming 
complementary base pairs tvith the tRNA anticodon. Bach amino add is added to the 
C'terminal end of the gfrawing polypeptide by means of a cyde of three sequential 
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Figure 7-S Six steps at which 
eucaryodc gene expression am be ' 
controlled. Controls ithat operate at 
steps I thrcugM 5 are discussed ip ,this 
chapter. Step 6, the rqgMbtion of protein 
activity. Includes reversible activation or 
inactlvation bf protein phosphor/lation 
(discussed in Chapter 3) as well as 
irreversible inactlvation by proteolytic 
degradation (discussed In Chapter 6). 



Gene Expression Can Be Regulated at Many of the Steps 
in the l^thway from DNA to RNA to Protein 

If differences among the various cell types of an organisna depend onttie partic- 
ular genes that the cells express, at what level is the control of gene expression 
exercised? As we saw in die last chapter, there are many steps in the pathway 
leadii^ from DNA to protein, and all of them can m principle be regulated. Thus 
a cell can control the proteins it makes by (1) controlling irfien and how often a 
given gene is transcribed (trailscriptioiial control), (2) controlling how the RNA 
transcript is spliced or otherwise processed (RNA processli^ controQ. (3) 
sdecting which completed mRNAs in die cdl nucleus are exported to the cytosol 
and determming where in the cytosol they are localized (RNA transport and 
localization control), (4) selecting \Ndiich mRNAs in the cytoplasm are translated 
by ribosomes (translational control), (5) selectively destabilizing certain mRNA 
molecules in die cytoplasm (mRNA degradation control), or (6) selectively acti- 
vating, inactivatingi degmding, or compartmentalizing specific protein 
molecules after they have been made (protein activity control (Figure 7-5), 

For most genes transcriptional controls are paramount. This makes sense 
because, of all the possible control points illustrated in Figure 7-5, only tran- 
scriptional control ensures that the cell will not synthesize superfluous interme* 
diates. fa tibe following sections we discuss the DNA and protein components 
that perform this function by regulating the initiation of gene transcription. We 
shall return at the end of the chapter to the additional ways of regulating gene 
expression. 

Summary 

The genome ofa ceU contaim in its DNA sequence the informaUan to make many 
thousands ofd^J^rent protein and tWA molectdes. A cell typUxdly expresses only a 
fraction of its genes, and the different types of cells in muUiceUular organisms arise 
because different sets of genes are expressed Moreover, cells can change the pattern 
of genes they express in response to chan^ in their environment, such as signals 
from oAer cells. Altkot^ aU ofOie steps invohfed in expressinga gme can in prin- 
dpie be regulated, fin most genes the initiation of RNA tramcripOon is the most 
important point of control 



DNA-BINDING MOTIFS IN GENE REGULATORY 
PROTEINS 

How does a cell determine which of its thousands of genes to transcribe? As 
. mentioned briefly in Chapters 4 and 6, die transcription of each gene is con- 
" teoUed by a regulatory region of DNA relatively near the site where transcription 
begins. Some regulatory regions are simple and act as switches that are thrown 
: oy a single signal. Many others are complex and act as tiny microprocessors, 
^^onding to a variety of signals tfiat they interpret and mtegrate to switch die 
ighboring gene on or oft Whether complex or simple, these switching devices 
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occur in the genn line, the cell linejige that gives rise to sperm or egp. Most of 
the DNA in vertebrate germ cells is inactive and hi^dy methylated Over long 
periods- of evoltitlonary time, the methylated CG sequences in these inactive . 
regions have presumably been lost through spontaneous deamination events 
that were not properly repaired However promoters of genes that remain active 
in the germ cell lineages (including most housekeeping genes) are kept 
unmeihylatedj and therefore spontaneous deaminatioris of Cs that occur with- 
in them can be accurately repaired Such regions are preserved in modem day 
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the 
genome that destroyed the function or regulation of a gene in the adult would be 
selected s^[ainst, and some CG islands are simply the result of a hi^er than nor- 
mal density of critical CG sequences. 

The mammalian genome contains an estimated 20,000 CG islands. Most of 
the islands mark the 5' ends of transcription units and thus, presumably, of 
genes. The presence of CG islands often provides a convenient way of identify- 
ii^; genes in the DNA sequences of vertebmte genomes. 

Summary 

7%0 many types of cells in animals and plants are created largely through mecha- 
nisms that cause different genes to be transcribed in different cells. Since many 
specialized animal ceOs can maintain their unique character throu^ many cell 
diwsion qfcks and even when grown in aOture, Ote gene r^ulatory mechanisms 
involued in creating ihem must be stable once establish^ and heritable when the 
ceUdiuides. These features endow Otecellwithamenwry of its devOopme^ 
Bacteria and yeasts provide unusually accessible model systems in which to study 
gene regulatory mechanisms. One such mechanism involves a competitive interac- 
tion between two gene regulatory proteins, eadi ofwhidh inhibits Ihe^ynOiesis ofOie 
otiten Ais can create a flip-flop switch that switches a cell between two alternative 
patterns of gene expression. Direct or indirect positWefsedback loops, whidi liable 
gene r^idatory proteins to perpetuate their own synthesis, provide a genend mech- 
anism for cell memory Negative feedback loops wiUt programmed delays form the 
basisjbr cellular docks* 

l» eucaryotes the transcription of a gene is generally controlled by combiruitions 
of gene regtdatory proteins. It is thoi^t that each type of cell in a higher eucaryotic 
organism contains a specific combination of gene r^latoiy proteins that ensures 
the expression of only those genes appropriate to ^mt type of cell A given gene r«^- 
latory protein may be active in a variety of circumstances and typically is involved 
in Ifte relation of many genes. * 

bt addition to diffuMlegene regulatory proteins, inherited states of chromatin 
condensation are also used by eucaryoUc ceUs to regulate gene expression. An espe- 
cially dramatic case is the inactivation of an entire X chromosome in female mam- 
mals. In vertebrates DNA methylation also functions in gene r^idaHon, being used 
mainly as a device to reittforce decisions about gene expression that are made ini- 
tially by other mechanisms. DNA methylation also underUes Ote phenomenon of 
genomic imprinting in mammals, in which the expression of a gene depends on 
whet^ it was inherited firom the mother or thefanhen 



POSTTRANSCRIPTIONAL CONTROLS 

In principle, every step required for the process of gene expression could be 
controlled. Indeed, one can find examples of each type of regulation, although 
any one gene is likely to use only a few of them. Controls on the initiation of 
gene transcription are the predominant form of regulation for most genes. But 
other controls can act later in the pathway from DNA to protein to modulate 
the amount of gene product that is made. Although these pqsttranscriptional 
controls, which operate after RNA polymerase has bound to the gene's promoter 
and begun RNA synthesis, are less common than transcriptional (^ntrolt for 
luany genes they are crucial. 
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Figure A mechanism to explain 
bo«i the marked overall defidency 
of CG sequences and their clustering 
into CG islands in vertebrate 
genomes. A Uack Pme rnari<s the location 
of a CG dinucleotlde in the DNA 
sequence, while a red-loHIpop" Indicates 
the presence of a methyl group on the 
CG dinucleotlde. CG sequences that lie in 
regulatory sequences of genes that are 
tran$aril>ed in gem cells are unmediylated 
and therefore tend to l>e retained in 
evolutioa Metliyfaced CG sequences, on 
the o|her hand, tend to be lose through 
deamlnadon of 5-methyl C toT, unless the 
CG sequence is critical for survival. 
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Each YEAR, OVER 182,000 WOMEN in the United States are 
diagnosed with breast cancer/and approximately 45,000 die 
of the disease.! Incidence appears to be increasing in the 
United States at a rate of rou^y 2% per year. The reasons 
for ttie uiCTease are unclear, but non-geneticrisk factors appear 
to play a laige role.2 

Five-year survival rates range from approximately 65%- 
85%, depending on demographic gioup, with a significant 
percentage of women experiencing recurrence of their cancer 
within 10 years of diagnosis. One of the factors most piedic* 
tive for recurrence once a diagnosis of breast cancer has been 
made is the number of axillary lymph nodes to which tumor 
has metastasized. Most noderpositiye women are given adju-: 
vant therapy, which increases dieir SurviyaL However, 20%- 
309^ of patients wiOiout axillary node involvement also 
develojp recurrent idisease,.and tiie difficult lies in how to iden- 
tify this high-risk subset of patients, These patients could 
benefit front increased surveillance, early intervention, and 
treatment 

Prognostic markers currently used in breast cancer recur- 
rence prediction include tumor size, histological grade, steroid 
homione receptor status, D>lAploidy, proliferative index, and 
cathepsin D status. Expression of growth fkctor receptors and 
over-expression of the HER-2/neu oncogene have also been 
identified as having value regarding treatment regimen and 
prognosis. 

^. H]g|Sr2/ifeu (ajjjo known as c-erbB2) is an oncogene that 
encodes a transmembrane glycoprotein that is homologous 
to, but distinct from, the epidermal growth factor receptor. 
Numerous studies hiave indicated that high levels of expres- 
sion of this protein are associatad witii rapid tumor growth, 
certain forms of therapy resistance, mi shorter disease-free 
survival. The gene has been shown to be amplified and/or 
overexpressed in 10%-30% of invasive breast cancers and in 
40%»60% oif intraductal breast carcinoma*^ 

There are two distinct FDA-approved niethods by which 
HER-2/neu status can be evaluated: imniunohistochemistiy 
(IHC, HercepTest™) and FISH (fluorescent in situ hybridiza- 
tion» PathVysion^ Kit). Both methods can be performed on 
archived and current specimen^. The first method allows visual 
assessment of the amount of HER-2/neu protein present on . 
the cell membrane. The lattermethoil. allows dnect quantifi- 
cation of the levd of gene amplification present in the tumor, 
enabling dififerentiation between low* versus high-amplifica- 
ticni. At least onie study has demonstrated a difference in 



recuiience risk in women younger than 40 years of age for 
low- versus bigh-anaplified tumors (54.5% compared to 
85.7%); this is compared to a recurrence rate of 1 6.7% for 
patients with no HER-2/neu gene amplificatiOTu^ HB|t-2/hett 

s^bis may be particulariy important to establi^ m worn 
small 1 on) tumor size. 

The. choice of methodology for determination of BER*2/ 
neu status depends in pstirt on theclinical setting. FDA approval 
for the Vysis FISH test was granted based on clinical ^te 
involving 1 549 node-positive patients. Patients received one 
of three aiffe^nt treatments consisting oif different doses pf 
cyclophosphamide^ Adriamycin, and 5-fluorouracil (CAF). 
The stu^ showed that patients with amplified HB]t.2/nett 
benefited from treatment with higher doses of ^dtiamycin- 
based therapy, while tiiose wi A Jiormal H£R-2/neu levels did 
not The study therefore identified, a sub-set of w<nneh, who 
because they did not benefit from more aggressive treatment, 
did not need to be exposed to the associated side effects. In 
addition, other evidence indicates that HER<'2/neu amplifica- 
tibn in node-negative patients can be used as an independent 
prognostic indicator for early recurrence, recurrent disease at 
any time and disease-related death.^ Demonstration of HER* 
2^eu gene amplification by FISH has also been shown to be 
of value in predicting response to chemotherapy in 8tage-2 
breast cancer patients. 

Selection of patients fbr Herceptto^ (Trastttzuniab) mono- 
clonal antibody therapy, however, is based upon demoni^. 

ticm of HER*2/neu protein overexi^essiiim using Hm 
Smdies using Herceptin^ in patients v^th metastatic breast 
cancer show an increase in time to disease progression, 
increased response rate to cbemotherapeutic agents and a anall 
increase in overall survival rate. The FISH assays haye nqt yet 
been approved for this purpose^ andsmdies looking' at response 
to Hcrceptin^ in patients with or without gene amplification 
status determined by FISH are in progress. 

In general, FISH and IHC results correlate well However, 
subsets oif tumors are found which show discordant results; 
i;e.,]»rotein overexpression without gene amplification or lack 
t>f protein overexpression with gene amplification. The clini- 
cal significance of such results is unclear. Based on the above 
considerations, HER-2/ncu testing at SHMC/PAML will uti^ 
lizc imnranohistochemistry (HercepTest^ as a screen, fol- 
lowed by FISH in IHC-negative cases. Alternatively, either 
method may be ordered individually depending on the clinir 
cal setting <»* clhiician preference. 
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. 88291. Ontogenetics and molecular cytogenetics, interprD- 
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Procedural Information 

Imnaunohistocheroistiy is performed using the FDA-approved 
DAKO antibody idt» Herceptest^* DAKO kit contains 
reagents required to complete a twb-stq> inmranohistOK 
cheihical stainmg procedm forroutinely processed, paraffin* 
embedded sp^tinett8..FoUowing mciibaUon wi^ 
rabbit antibody to human H0U2/nett protein, tiie kit employs 
a r€ady-to<*vse dextran-based ^sualization reagent This re- 
agent consists of both secondary goat anti-rabbit antibody 
molecules with horseradish peroxidase molecules linked to a 
conuhon dextran polymer backbone, thus eliminating the need 
. for sequential application of link, antibody and peroxidase 
conjugated anttbocty. Ena^atic conversion ef the subse- . 
quently added chrdmogen results in forinatson of visible 
reaction product at the antigen site* The spechnen is then coun- 
te;r5tained; a pathologist using light^microscopy inteiprets . 
results. 

FISH analysis at SHMC/PAML is performed using the 
FDA-approved PathVysion™ HER-2yneu DNA probe kit, pro- 
duced by Vysis, Inc^ Fomialin fixed, paraffin-embedded breast 
tissue is processed using routine histological methods, and then 
slides are treated to allow hybridization of DNA probes to the 
nuclei present in the tissue section, the Pathvysion™ kit con- 
tains two direct-labeled DMA probes, one specific for the 
alphoidrepetith^ DNA (CEP 17» .£pectnnn.orange) present at . 
the chrompsoine4^4mta^ere^a^^ 
^neu oncogene located at 17ql 1.2*12 (spectrum green). Enu- 
meration of the probes allows a: ratio of the number of copies 
of clupmosome 17 to the number of copies of HER-2/neu to . 
be obtained; this enables quantification of low versus high 
amplification levels, and allows an estimate of the percentage 
of cells with HER-2/neu gene amplification. The clinically 
relevant distinction is whether the gene amplification is due 
to increased gene cppy number on the two chromosome 17 
homologues normally present or an increase in the number.of 
chromosome 17s iii the cells. In the majority of cases, ratio 
equivalents less than 2.0 are indicative of a nomoal/negative 
result, ratios of 2.1 and over indicate that ampliiication is 
present and to what degree. Interpretation of this data will be 
performed tod reported flrom the Vysis-certified Cytogenet- 
ics laboratoiy at SHMC. 
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